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© Liquid crystal display device. 

© A liquid crystal display unit is provided wherein 
address lines for two mutually adjacent odd and 
even rows of pixels arrayed in a matrix are in com- 
mon, and two vertical pixels on each column can be 
displayed simultaneously to enable display of an 
image corresponding to one frame. Capacitor for- 
ming electrode wires are supplied with a fixed poten- 
tial are disposed between omitted rows of address 
lines eliminated due to the common use thereof, 
whereby the storage capacitors are of a sufficiently 
high value, even with a high resolution display, to 
enhance the image quality of the liquid crystal dis- 
play unit Since a fixed potential is applied to the 
capacitor forming electrode wire which forms the 
£}J storage capacitor, the capacitor does not apply a 
^load to the address line and thereby consistently 
0> insures a fast operation. As a result, improvements 
*Mcan be achieved relating to large image area and 
^high resolution. Furthermore, each pixel includes a 
<0 switching transistor which is composed of a thin film 
transistor having a high carrier mobility and is 
"formed under a single line so that even when the on- 
O resistance of the transistor is lowered, the aperture 
ratio of the pixel is still enhanced to obtain a high 
UJ resolution. 
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LIQUID CRYSTAL DISPLAY UNIT 


BACKGROUND OF THE INVENTION 


Field of the Invention 

The present invention relates generally to a 
liquid crystal display unit having a plurality of pixels 
arrayed in a matrix. 


Description of the Related Art 

A single pixel in a liquid crystal display panel is 
schematically illustrated in Figure 8, which cor- 
responds generally to Japanese Patent No. 63- 
41708. In Figure 8, the pixel, also referred to as a 
liquid crystal cell LC, includes a transparent pixel 
electrode 1, the pixel electrode 1 being formed on 
a transparent substrate which, along with a second 
transparent substrate, sandwiches a liquid crystal 
material therebetween. A switching thin-film transis- 
tor 2 is provided for driving the pixel electrode 1; 
an address line 3 is provided for selecting a row of 
individual pixels and is located between rows of 
pixel electrodes 1; and a signal line 4 which is 
disposed between columns of the pixel electrodes 
1 supplies an image signal to the electrodes. Each 
thin film transistor 2 is provided with a drain 2d that 
is connected to the pixel electrode 1, a source 2s 
that is connected to the signal line 4, and a gate 2g 
that is connected to the address tine 3. 

In Figure 9 is shown an equivalent circuit for 
each pixel, or liquid crystal cell, LC. In a liquid 
crystal display panel, it is neces^ry to add a 
storage capacitor Cs for each of the pixels LC to 
improve image quality. The capacitance value of 
the storage capacitor Cs is to be maximized to 
prevent flicker. The storage capacitor Cs may be 
produced by superimposing the pixel electrode 1 
on a portion of the address line 3 or on a portion of 
the signal line 4 with an interlayer insulator film 
positioned therebetween. In the example illustrated 
in Figure 8, the storage capacitor Cs is formed 
between the pixel electrode 1 and the address line 
3. 

At present technical development in liquid cry- 
star display panels is directed toward achieving a 
larger image area and a higher resolution. How- 
ever, as the pixel pitch is decreased for enhanced 
resolution, it become impossible to obtain a suffi- 
ciently-large capacitance value of the storage ca- 
pacitor Cs produced by superimposing the pixel 
electrode/1 on the address line 3 or on the signal 
line 4 as described above. To achieve a sufficiently 


great capacitance value, there may be contrived a 
means for producing an exclusive electrode wire 
for the capacitance alone so as to form a storage 
capacitor Cs of desired value between the pixel 

5 electrode and such exclusive wire. Since such ex- 
clusive electrode wire can be supplied with a fixed 
potential, it is not affected in a harmful way by any 
potential variation in the address line relative to the 
signal line to eventually obtain enhancement of the 

70 image quality. However, to realize such exclusive 
electrode wire producing means without changing 
the aperture rate, or aperture ratio, of the pixel, the 
exclusive electrode wire for the capacitor Cs needs 
to be composed of a transparent material or the 

?s like. This unfortunately increases the number of 
steps in the manufacturing process and results in 
disadvantages with respect to yield rate and pro- 
duction cost. 

Referring again to Figure 8, the pixel electrode 

20 1 is provided with a square setback 1a in a portion 
where the thin film transistor 2 is formed. The drain 
2d of the thin film transistor 2 is connected to the 
pixel electrode 1 and the source 2s is connected to 
the signal line 4 in such a way that the thin film 

25 transistor 2 bridges the square setback 1a in the 
pixel electrode 1 . The gate 2g of the transistor 2 is 
connected to a contact portion 3a which extends 
from the address line 3 toward the square setback 
1a. 

30 Generally, in a liquid crystal display unit com- 

prising a plurality of pixels arrayed in a matrix with 
switching transistors, it is necessary to lower the 
on-resistance of the switching transistor 2 for sup- 
plying a signal to the liquid crystal cell LC during 

35 the selection period. 

In liquid crystal display units where thin film 
transistors 2 are composed of amorphous silicon or 
polycrystaline silicon for use as switching transis- 
tors, the mobility of charge carriers is low so that a 

40 ratio W/L of channel width W to channel length L 
(as shown if Figure 8) is set to a relatively great 
value to lower the on-resistance of the thin film 
transistor 2. Accordingly, this enlarges the area of 
the thin film transistor 2 and results in a decrease 

45 in the area of the pixel portion which leads to a 
decrease in the aperture rate, or aperture ratio, of 
the pixels. Thus, the attempt to reduce pixel area 
while enhancing resolution consequently fails. 

so 

SUMMARY OF THE INVENTION 


It is an object of the present invention to 
achieve a large image area at a high resolution in a 
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liquid crystal display unit 

Another object of the invention raises the ap- 
erture rate, or aperture ratio, of the pixels while 
lowering the on-resistance of the switching transis- 
tor to consequently attain a high resolution in a 
liquid crystal display unit. 

These and other objects and advantages of the 
invention are realized in a liquid crystal display unit 
including a plurality of matrix-arrayed pixels, or 
liquid crystal cells, LC each having a switching 
transistor Tr and an additive capacitor, or storage 
capacitor, Cs. The liquid crystal display unit of the 
present invention is formed so that the switching 
transistors for the pixels on two mutually adjacent 
rows X1 and X2, X3 and X4... are connected in 
common to the same address line 13, while the 
switching transistors for the mutually different al- 
ternate pixels on each column Y are connected in 
common to the same signal lines 12a. 12b, respec- 
tively. A common capacitor-forming electrode wire 
14 for the pixels on the other two adjacent rows is 
provided between the address lines 13, in other 
words between the other mutually adjacent rows 
X2 and X3, X4 and X5 and so forth. The additive 
storage capacitor Cs for each pixel is formed of the 
electrode wire 14, an insulator film 16a formed 
therebelow, and a conductor layer 15A. The elec- 
trode wire 14 for the additive storage capacitor Cs 
is formed of the same layer as the address line 13. 
The structure of the present display unit may be 
modified so that the capacitor forming electrode 
wire 14, the conductor layer 15a and the insulator 
layer 16a extend partially under the signal lines 12a 
and 12b. 

The above-described liquid crystal display unit 
has an adequate number of pixels or cells LC for 
displaying an image of one frame, wherein two 
vertical pixels corresponding to an odd row and an 
even row are selected simultaneously and driven in 
a non-interlaced mode to display the image. The 
switching transistors Tr for the pixels on two mutu- 
ally adjacent rows X1 and X2, X3 and X4 f and so 
forth are connected in common to the same ad- 
dress line 13 so that the number of address lines 
1 3 is reduced to half. A common capacitor-forming 
electrode wire 14 for the two mutually adjacent 
pixels is provided simultaneously between the ad- 
dress lines 13, i. e. between the rows X2 and X3, 
X4 and X5 and so forth where the address lines are 
omitted. Thus, an additive storage capacitor Cs is 
formed in the region where the electrode wire 14 is 
provided so that a sufficiently great capacitance 
value can be achieved in the storage capacitor Cs 
without changing the aperture ratio of the pixel. In 
other words the additive storage capacitor Cs has a 
sufficiently great value despite a decrease in the 
pixel pitch. 

Due to the application of a fixed voltage poten- 


tial to the electrode wire 14, the additive storage 
capacitor is prevented from becoming a load on 
the address line 13. Therefore, fast operation of the 
display unit is possible while providing the advan- 

5 tages of a large image display area and high reso- 
lution. In addition to the above advantages, since 
the storage capacitor does not become a load on 
the address line, the load on the driver for the 
vertical scanner is reduced to possibly simplify the 

70 driver circuit. 

The electrode wire 14 for the additive storage 
capacitor Cs is formed by using the same layer as 
the address line 13, and both the conductor layer 
and the insulator layer for the additive storage 

15 capacitor Cs are formed by using extensions of the 
semiconductor thin film of the transducer and an 
extension of the gate insulator film thereof. Thus, 
the present capacitor can be formed without requir- 
ing additional steps in the manufacturing process. 

20 Furthermore, the present invention provides 

that each of the switching transistors is composed 
of a thin film or an ultra thin film transistor 2 having 
a high carrier mobility and is formed under a signal 
line 4. It is therefore possible to form the address 

25 lines 3 linearly while providing transistors 2 under 
the signal lines 4, hence enhancing the aperture 
ratio of the pixel to achieve a maximum permissible 
value with respect to the design rule. This be- 
comes even more effective in display units having 

30 a decrease in pixel area with progression toward a 
higher resolution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Figure 1 is a schematic plan view of an 
exemplary liquid crystal display unit embodying the 
principles of the present invention; 
40 Figure 2 is an equivalent circuit diagram of 

the liquid crystal display unit shown in Figure 1 ; 

Figure 3A is a schematic diagram showing a 
pattern layout of a first-layer semiconductor thin 
film and gate insulator film for the exemplary liquid 
45 crystal display unit of Figure 1; 

Figure 3B is a schematic diagram of a pat- 
tern layout of address lines and capacitor forming 
electrode wires for the liquid crystal display unit of 
Figure 1 ; 

50 Figure 3C is a schematic diagram of a pat- 

tern layout of signal lines for the exemplary liquid 
crystal display unit; 

Figure 3D is a schematic diagram of a pat- 
tern layout of thin film transistors for the exemplary 
55 liquid crystal display unit; 

Figure 4 is a schematic plan view of a single 
pixel or liquid crystal cell of another embodiment 
according to the present invention; 
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Figure 5 is an equivalent circuit diagram of a 
liquid crystal display unit used to explain the princi- 
ples of the present invention; 

Figure 6 is an equivalent circuit diagram of 
another liquid crystal display unit for explaining the 
principles of the invention; 

Figure 7 is a cross-sectional view along line 
A-A in Figure 4 showing an arrangement of layer 
elements according to the present invention; 

Figure 8 is a plan view of one pixel or liquid 
crystal cell of a liquid crystal display unit; and 

Figure 9 is an equivalent circuit diagram of 
the liquid crystal cell of Figure 8. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 


In a liquid crystal display unit, flicker is nor- 
mally conspicuous unless the pixels in the display 
unit are rewritten per field. For this reason, in a 
liquid crystal display panel having, tor example. 
400 vertical pixels to display television signals cor- 
responding to one frame, all of the pixels are 
rewritten per field by the use of a field memory, for 
example, to prevent the occurrence of flicker 
(15Hz) from alternate driving of the liquid crystal 
cells. In other words, the signal display is driven in 
a non-interlaced mode. 

With reference to the equivalent circuit diagram 
of Figure 5, two signal lines 4a and 4b (for example 
the signal lines 4a1, 4b1; 4a2, 4b2;...) are provided 
for each column of pixels or liquid crystal cells LC. 
The odd alternate pixels LC11, LC13....; LC21, 
LC23,...; etc. in each column are connected in 
common to a corresponding signal line 4a for that 
column, while the even alternate pixels LC12. 
LC14,...; LC22, LC24...; and so forth in each column 
are connected in common to the other signal line 
4b. Address lines 3i, 32 , 33 , 34,... are provided for 
the individual rows of pixels. Driving of the pixels 
LC is performed so that two address lines 3i and 
32, 33. and 34.... corresponding to an odd row and 
an even row are selected simultaneously, and sig- 
nals of an odd field and an even field are supplied 
simultaneously to the two signal lines 4a and 4b to 
execute sequential selective display of two vertical 
pixels LC11 and LC12, LC21 and LC22,...; LC13 
and LC14, LC23 and LC24,... and so forth. There- 
fore, when such driving method is adopted, the 
address lines for the mutually adjacent odd row 
and even row pixels are rendered common to each 
other. 

As shown in Figure 6, this same non-interlaced 
drive can be accomplished with the address lines 
3a, 3b,... disposed between alternate rows of pix- 
els. Thus, it becomes possible to reduce the num- 
ber of address lines by half. In view of the pattern 


layout, transparent pixel electrodes LC need to be 
spaced apart from each other. In the present inven- 
tion, the address lines are disposed in the alternate 
inter-row spaces so their number is reduced to half. 

s An additive storage capacitor is formed by a com- 
bination of an electrode wire disposed between the 
other alternate rows where the address lines are 
omitted and an extension of a gate insulator film of 
the transistor and an extension of the semiconduc- 

w tor thin film of the transistor. A fixed potential is 
then applied to the electrode wires. 

Hereinafter, an exemplary liquid crystal display 
panel according to the present invention will be 
described with reference to Figures 1-3. The exam- 

;5 pie represents the application of the invention to a 
liquid crystal display panel designed for displaying 
a frame image with, for example. 400 vertical pix- 
els. 

20 

Example 1 

In Figure 1 is shown transparent pixel elec- 
trodes 11, such as the electrodes 11n, 11 12, His, 

25 11i4.... 1121. 1122, H23. 1124,.... which are com- 
posed, for example, of indium-tin oxide (ITO) or the 
like and which form pixels or liquid crystal cells LC. 
The electrodes 11 are arrayed in a matrix at pre- 
determined intervals. 

30 Signal lines 12a, and 12b, such as the signal 
lines 12a1. I2b1,; 12a2, 12b2;... t are composed of 
aluminum and one pair of the signal lines 12a and 
12b are disposed between columns Y, such as the 
columns Y1 f Y2 of the pixel electrodes 11 in 

35 such a manner as to sandwich each column Y. 

Address lines 13, such as the address lines 

13a, 13b are disposed between two mutually 

adjacent rows such as the rows X1 and X2, X3 and 
X4 ? ... . Switching transistors Tr, such as the transis- 

40 tors Tr11. Tr12, Tr13, Tr14,... Tr21, Tr22, Tr23. 
Tr24,.. M are of a thin film type for driving the pixel 
electrodes 11h, 11 12. H13, iii4,.» H21, H22. 
11 23, 11 24,... . In other words, the switching transis- 
tors Tr drive the pixels or liquid crystal cells LC1 1 1 

45 LC12, LC13, LC14,... LC21, LC22, LC23, LC24,... 
and so forth. The switching transistors Tr are ar- 
ranged corresponding to the individual intersections 
of the signal lines 12a and 12b and the address 
lines 13. 

50 Electrode wires 14. such as the electrode wires 

14a, 14b, 14c,... for storage capacitors Cs are dis- 
posed above the row X1 of the pixel electrode 1 1 , 
between the other two mutually adjacent rows X2 
and X3, between rows X4 and X5 ( ... and so forth in 

55 common to such adjacent rows. The electrode 
wires 14 are also referred to herein as capacitor 
forming electrode wires. In the present embodi- 
ment, each electrode wire 14 is disposed along the 
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space between the two rows and extends to under 
the signal lines 12a and 12b as well. 

Referring now to Figures 3a through 3d, the 
thin film transistor Tr includes a semiconductor thin 
film 15, shown in Figure 3a, composed of a first- 
layer polycrystalline silicon film or amorphous sili- 
con film formed on an insulator substrate and of a 
gate electrode 17, shown in Figure 3b, composed 
of a second layer polycrystalline silicon film 19 
obtained by doping a semiconductor layer with an 
impurity or impurities which is formed on a gate 
portion of the semiconductor thin film 15 through a 
gate insulator film 16 composed of silicon dioxide 
(Si02> or the like. Furthermore, two portions on both 
sides of the gate electrode 17 of the semiconductor 
thin film 1 5 are formed as a source region 1 8S and 
a drain region 18D (shown in Figure 3A). The thin 
film transistor Tr is formed so that at least its gate 
is present under the signal lines 12a and 12b. The 
pattern layout of the thin film transistors Tr is 
illustrated in Figure 3D. 

The step of forming a semiconductor thin film 
15 to constitute each of the thin film transistor Tr 
provides that a substantially T-shaped semiconduc- 
tor thin film extension 15A is formed integrally 
therewith in a manner to extend from a drain region 
18D along the capacitor forming electrode wire 13 
and the signal lines 12a and 12b. The step of 
forming the gate insulator film 16 provides that a 
gate insulator film extension 16a is simultaneously 
formed, the extension 16A extending over the en- 
tire surface of the semiconductor thin film exten- 
sion 15A integrally with the film 16. The pattern 
layout of the semiconductor thin films 15 and the 
gate insulator films 16 is illustrated in Figure 3 A. 

The address lines 13 connected to the gate 
electrodes 17 are shown in Figure 3B and are 
composed of impurity doped polycrystalline silicon 
19 as is the gate electrodes, 17. In the step of 
forming the address lines 13,' the address line 13a 
is formed so that it is connected in common with 
the gate electrodes 17 of the transistors Tr11 , Tr12, 
Tr13,... on row XI and also to the gate electrodes 
T7 of the transistors Tr12, Tr22, Tr32,... on the row 
X2. Similarly, the address line 13b is formed so 
that it is connected in common with the gate elec- 
trodes 17 of the transistors Tr13, Tr23, Tr33,... on 
row X3 and also to the gate electrodes 17 of the 
transistors Tr14, Tr24, Tr34.... in row X4. Similarly, 
the address line 13c is formed to be connected in 
common with the gate electrodes of the transistors 
Tr on the two rows. 

The electrode wires 14 such as the wires 14a, 
14b, 14c for the storage capacitors Cs are com- 
posed of impurity-doped polycrystalline silicon 19 
and are formed simultaneously with the gate elec- 
trodes 17 and the address lines 13, as shown in 
Figure 3b. In this step, the capacitor forming elec- 


trode wires 14a are formed so that they are con- 
nected in common to the storage capacitors Cs11. 
Cs21, Cs31,... corresponding to the pixels Lc11, 
Lc21, Lc31, on the first row XI; and the capacitor 
5 forming electrode wire 14b is formed so that it is 
connected in common with the storage capacitors 
Cs12. Cs22. Cs32 t ... and to the storage capacitors 
Cs13, Cs23. Cs33.,.. corresponding respectively to 
the pixels LC12. LC22, LC32,... and LC13. LC23, 
w LC33... on the second and third rows X2 and X3. 
Similarly, the successive capacitor forming elec- 
trode wires 14 are formed so that they are con- 
nected in common to the respective storage ca- 
pacitors in rows X4 and X5, X6 and X7, and so 
rs forth. The capacitor forming electrode wire 14 is 
formed on the gate insulator film extension 16A. 
Figure 3B illustrates the pattern layout of the gate 
electrodes 17, the address lines 13 and the 
impurity-doped polycrystal silicon layers 19 con- 
20 stituting the capacitor forming electrode wires 14. 

The pairs of signal lines 12a and 12b of alu- 
minum for the individual columns Y1, Y2,... of pix- 
els LC are connected in common to the transistors 
of alternate pixels in one column and to the transis- 
25 tors of alternate pixels of the other column. That is, 
the signal line 12a1 is connected in common to the 
source region 18S of the transistors Tr12, Tr14, 
Tr16,... of alternate pixels LC12, LC14, LC16.... on 
row Y1, The signal line 12b1 is connected in com- 
30 mon to the source regions 18S of the transistors 
Tr11. Tr13, Tr15,... of the other alternate pixels 
LC11, LC13, LC15,... and so forth, Similarly, the 
signal line I2a2 is connected in common to the 
source regions 18S of the transistors Tr22, Tr24, 
35 Tr26 t ... of alternate pixels LC22. LC24, LC26, in 
row Y2; and the signal line 12b2 is connected in 
common to the source regions 18S of the transis- 
tors Tr21, Tr23, Tr25,... of the other alternate pixels 
Lc21, LC23, LC25,... and so forth. Also, the succes- 
40 sive signal lines 12a and 12b are formed simulta- 
neously. As shown in Figure 1, contact portions 20 
are provided for each source region 18s with the 
corresponding signal line 12a or 12b. The pattern 
layout of the signal lines 12a and 12b are shown in 
45 Figure 3C. 

Each of the pixel electrodes 1 1 is composed of 
indium-tin oxide (ITO) and is connected partially to 
the drain region 18D of the corresponding transis- 
tor Tr. During the step of applying the pixel elec- 
50 trodes, the pixel electrode 1 1 is connected through 
an aluminum electrode 22 to a contact portion 21 
of the drain region 18D. The storage capacitor Cs 
for each pixel LC is formed of a first layer semicon- 
ductor thin film extension 15A extending from the 
55 semiconductor thin film 15 of the transistor Tr and 
of an electrode wire 14 composed of a second- 
layer impurity-doped polycrystal silicon film 19. 
Preferably, a fixed voltage potential is applied to 
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the capacitor forming electrode wire 14. 

Although not specifically shown, a transparent 
insulator substrate having transparent electrodes on 
its entire inner surface is provided opposite the 
transparent insulator substrate upon which the 
above-described thin film transistors Tr, storage 
capacitors Cs and pixel electrodes 11 are formed, 
and a liquid crystal material is sealed between the 
two substrates to constitute the liquid crystal dis- 
play panel. 

In the above-described liquid crystal display 
panel, the two respective vertical pixels LC1 1 and 
LC12, LC21 and LC22,... corresponding to the two 
odd and even rows X1 and X2, X3 and X4,... are 
selected simultaneously by the use of a field mem- 
ory or the like in a non-interlaced drive mode to 
display a television image of one frame. In the 
liquid crystal display panel, the address lines of the 
two rows X1 and X2. X3 and X4,... are in common 
with each other by one address line 13a, 13b,... 
individually. Common electrode wires 14, such as 
electrode wire 14a, 14b, 14c,... for the storage 
capacitors Cs, are disposed above the row X1, 
between the two rows X2 and X3, between the 
rows X4 and X5,... and are omitted as mentioned 
above. 

The storage capacitors Cs are formed with the 
electrode wires 14, the semiconductor thin film 
extension 15A corresponding to each pixel and the 
gate insulator film extension 16A whereby a suffi- 
ciently great capacitance value is obtained for the 
capacitor Cs even in display panels which achieve 
high resolution. The storage capacitors Cs are 
formed between the rows of the pixels electrodes 
1 1 with an extension under the signal line to insure 
an increase in the capacitance value. The storage 
capacitors Cs are thus formed between the rows of 
pixel electrodes 11 and are further, extended to be 
under the signal line when necessary to reach a 
greater value, hence averting impairment of the 
aperture ratio of the pixels. 

Since a fixed potential is applied to the elec- 
trode wires 14, the storage capacitor Cs is not a 
load on the address line 13. Therefore, fast opera- 
tion is possible as are the further advantages of 
insuring a large image display area and a high 
resolution. Moreover, the driver for the vertical 
scanner can be reduced to eventually simplify the 
circuit of the scanner. 

The electrode wire 14, the gate insulator film 
extension 16A, and the semiconductor thin film 
extension 15A constituting the storage capacitor Cs 
are formed simultaneously with the gate electrode 
17, the gate insulator film 16A and the semicon- 
ductor thin film 15 of the transistor Tr, respectively. 
Therefore, the formation of the storage capacitors 
Cs are carried out without any additional steps in 
the manufacturing process. 


The address lines are thus in common for 
driving two pixels simultaneously, and there is 
formed in the resultant gap an electrode wire 14 
which is composed of an impurity-doped poly- 

s crystalline silicon layer of a relatively great thick- 
ness and with a light shielding property so that 
none of the backlight is permitted to pass through 
the gap during the display, hence preventing dete- 
rioration of the contrast. Although the electrode 

io wire 14 for the storage capacitor Cs in the fore- 
going embodiment is composed of impurity-doped 
polycrystalline silicon, it may also be composed of 
other proper materials in view of the desire for 
contrast in the display, such as aluminum having a 

75 light shielding property. 


EXAMPLE 2 

20 In Figure 4 is shown a structure of one pixel in 

a second embodiment of a liquid crystal display 
panel embodying the principles of the invention. In 
the diagram of Figure 4, a transparent pixel elec- 
trode 1 1 is part of the pixel or liquid crystal cell LC. 
25 Also included is a switching ultrathin film transistor 
31 for driving the pixel LC, an address line 13 
disposed between rows of the pixel electrodes 1 1 
for selecting a row of individual pixels, and a signal 
line 12 disposed between columns of the pixel 
30 electrodes 1 1 for supplying an image signal. 

Since the ultrathin film transistor 31 has a high 
carrier mobility, this requirement can be met if the 
ratio W/L of channel width W to channel length L is 
small with reduction of the on-resistance, whereby 
35 the transistor 31 can be of an oblong shape. In this 
embodiment, therefore, signal lines 12 and address 
lines 13 are formed to be linear as illustrated in 
Figure 4, and the pixel electrodes 11 are of a 
shape extending partially under the signal lines 12 
40 continuously with the square regions enclosed by 
the address lines 13 and the signal lines 12. The 
oblong ultrathin film transistors 31 having a small 
ratio W/L and a high carrier mobility are formed 
under the intersections of the signal lines 12 and 
45 the address lines 13. The preferred thin film tran- 
sistors have a thickness of 100-750 A to give high 
mobility, as compared to the prior art thin film 
transistos having a thickness of about 1500 A. 

A drain 18d of the ultrathin film transistor 31 is 
•so connected to a portion 11a of the pixel electrode 
1 1 , while a source 1 8s thereof is connected to the 
signal line 12, and a gate 18g thereof functions 
directly as an address line 1 3. 

With reference now to Figure 7, a specific 
55 description will be provided with regard to the 
procedure of forming ultrathin film transistors 31, 
pixel electrodes 11 and signal lines 13 in the sec- 
ond embodiment of the invention. 
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Initially, a first-layer semiconductor film 42 of 
polycrystalline or amorphous silicon is formed on 
an insulator substrate 41 of glass or the like in a 
direction of a signal line 12 which is to be formed 
later, and a gate electrode 45 to function later as 
an address line 13 is formed on the gate portion of 
the semiconductor thin film 42 through a gate in- 
sulator film 43 of silicon dioxide (Si0 2 ) or the like. 
The gate electrode 45 is composed of a second 
layer semiconductor film, such as an impurity-dop- 
ed polycrystal silicon film 44. Two regions on both 
sides of the gate electrode 45 of the semiconductor 
thin film 42 are formed as a source region 42s and 
a drain region 42d, respectively, and at least a gate 
portion is present under the signal line 12, as will 
be described later. 

Subsequently, an insulator layer 46 of silicon 
dioxide or the like is formed, and then a contact 
hole 47 is formed in the insulator layer 46 at a 
position opposed to the drain region 42d. There- 
after, a pixel electrode 11 is formed in such man- 
ner that a portion 11a is connected via the contact 
hole 47 to the drain region 42d. After an interlayer 
insulator film 48 of silicon dioxide or the like is 
formed, contact holes 49 are formed in the inter- 
layer insulator film 48 and the aforementioned in- 
sulator layer 46 at positions opposed to the source 
region 42s. A signal line 12 of aluminum is formed 
in a manner to be connected to the source region 
42s. 

Although not shown, an insulator substrate with 
transparent electrodes formed on its entire inner 
surface is disposed opposite to the insulator sub- 
strate 41 and a liquid crystal material is sealed in 
between the two substrates to constitute a desired 
display panel. 

Thus, according to the above-described em- 
bodiment where switching transistors for driving the 
pixels are composed of higfvmobility ultrathin film 
transistors 31 , the ratio W/L rifeed not be set to a 
great value despite lowering of the on-resistance. 
Therefore, the address lines 13 can be shaped 
linearly while the first-layer semiconductor thin 
films 42 constituting the ultrathin film transistors 31 
are formed under the signal lines 12, whereby the 
aperture ratio of the pixels can be raised to a 
maximum permissible value with respect to the 
design rule. 

The foregoing embodiments are also effective 
in applications in which the pixel area is decreased 
as a result of a progression toward higher resolu- 
tion. 

The exemplary procedure described in relation 
to the embodiment of Figure 7 provides that the 
signal line 12 of aluminum is formed after comple- 
tion of the pixel electrode 1 1 . However, this proce- 
dure may also be reversed so as to form the pixel 
electrode 1 1 after the signal line 12 is formed. 


Although other modifications and changes may 
be suggested by those skilled in the art, it is the 
intention of the inventor to embody within the pat- 
ent warranted hereon all changes and modifications 
s as reasonably and properly come within the scope 
of his contribution to the art. 
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1 . 1 . A liquid crystal display unit, comprising: 

a plurality of pixels arrayed in a matrix, said pixels 
each including: 
a transparent pixel electrode, 
75 a switching device for driving each of said pixels, 
and a storage capacitor; 

signal lines connected to said plurality of pixels for 
supplying signals to said pixels, said signal lines 
extending over a portion of said pixel electrodes; 
20 and 

a plurality of address lines connected to rows of 
said pixels in said matrix. 

2. A liquid crystal display unit as claimed in 
claim 1, wherein said switching device of each 

25 pixel is a thin film transistor. 

3. A liquid crystal display unit as claimed in 
claim 2, wherein said thin film transistor of each 
pixel has a drain region, said drain region of each 
transistor being electrically connected to a portion 

so of a corresponding one of said pixel electrodes 
under a respective one of said signal lines. 

4. A liquid crystal display unit as claimed in 
claim 2, wherein said thin film transistor of each 
pixel has a gate region, said gate region of each 

35 transistor being disposed under a corresponding 
one of said address lines. 

5. A liquid crystal display unit as claimed in 
claim 2, wherein said thin film transistor of each 
pixel has a source region, said source region of 

40 each of said transistors being disposed under and 

connected electrically to a corresponding one of 

said signal lines. 

6- A liquid crystal display unit as claimed in 

claim 1, wherein one of said signal lines is dis- 
45 posed along side each column of said matrix of 

pixels. 

7. A liquid crystal display unit as claimed in 
claim 1, wherein one of said address lines is dis- 
posed along side each row of said matrix of pixels. 
50 3. a liquid crystal display unit as claimed in 

claim 2, wherein said thin film transistor of each 
pixel is an ultrathin film transistor having a high 
mobility. 

9. A liquid crystal display unit as claimed in 
55 claim 1, wherein said capacitor is formed by mutu- 
ally superimposing a portion of said address -ine 
and a portion of said pixel electrode, and an inter- 
layer of an insulator film between said address line 
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and said pixel electrode. 

10. A liquid crystal display unit, comprising: 

a plurality of pixels arrayed in a matrix, said pixels 
being formed of: 

transparent pixel electrodes, s 
switching devices connected to drive said pixels, 
and storage capacitors; 

signal lines connected to supply signals to odd 
rows of said pixels in said matrix; 

signal lines connected to supply signals to even io 

rows of said pixels in said matrix; 

address lines connected to select alternate rows of 

said pixels in said matrix, said address lines being 

n address lines and n + 1 address lines; 

said storage capacitors being formed of electrode rs 

leads interposed between said pixels selected by 

said n address lines and said pixels selected by 

said n + 1 address lines. 

11. A liquid crystal display unit as claimed in 
claim 10, wherein said switching device is a thin 20 
film transistor. 

12. A liquid crystal display unit as claimed in 
claim 11, wherein said thin film transistor includes 
a gate insulator layer and a semiconductor thin 
film, and 25 
wherein said storage capacitor is formed by said 
electrode leads, an extension of said gate insulator 
layer of said thin film transistor, and an extension 

of said semiconductor thin film of said thin film 
transistor. 30 

13. A liquid crystal display unit as claimed in 
claim 10. wherein said electrode leads receive a 
fixed potential. 

14. A liquid crystal display unit as claimed in 
claim 10, wherein said switching devices are 35 
formed under said signal lines. 
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© A liquid crystal display unit is provided wherein 
address lines (13) for two mutually adjacent odd and 
even rows of pixels (11) arrayed in a matrix are in 
common, and two vertical pixels on each column can 
be displayed simultaneously to enable display of an 
image corresponding to one frame. Capacitor for- 
ming electrode wires (14) are, supplied with a fixed 
potential are disposed between omitted rows of ad- 
dress lines eliminated due to the common use there- 
of, whereby the storage capacitors (Cs) are of a 
sufficiently high value, even with a high resolution 
display, to enhance the image quality of the liquid 
crystal display unit. Since a fixed potential is applied 
to the capacitor forming electrode wire which forms 
the storage capacitor, the capacitor does not apply a 
load to the address line and thereby consistently 
insures a fast operation. As a result, improvements 
can be achieved relating to large image area and 
high resolution. Furthermore, each pixel includes a 
switching transistor (Tr) which is composed of a thin 
film transistor having a high carrier mobility and is 
formed under a single line so that even when the on- 
resistance of the transistor is lowered, the aperture 
ratio of the pixel is still enhanced to obtain a high 
resolution. 
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